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129 FOOTWEAR DESIGN AFFECTS DYNAMIC KNEE LOADS IN
OSTEOARTHRITIS (OA) OF THE KNEE
N. Shakoor, M. Sengupta, R.H. Lidtke, L.F. Fogg, J.A. Block. Rush
Medical College, Chicago, IL, USA
Purpose: The onset and progression of knee OA are known to be asso-
ciated with high dynamic loading of the knee, as assessed by the peak
external knee adduction moment (PAddM). We recently demonstrated
that in OA of the knee, walking barefoot signiﬁcantly decreased the
PAddM compared to the subjects’ own walking shoes (Arthritis Rheum
54:2923, ’06). These data suggest that footwear may signiﬁcantly affect
joint loads at the knees. However, speciﬁc properties of footwear that may
be associated with increased joint loading are not clear. We hypothesize
that shoe ﬂexibility is an important load reducing feature. Here, we directly
test the effects of several types of common footwear in addition to
speciﬁcally, the role of footwear ﬂexibility on dynamic knee loading in
OA of the knee.
Methods: 30 subjects with radiographic (Kellgren Lawrence grades: 20
grade 2 and 10 grade 3) and symptomatic (at least 30mm pain on
a 100mm scale while ambulating on a ﬂat surface) knee OA under-
went gait analyses using an optoelectronic camera system and multi-
component force plate. Subjects were evaluated for gait while wearing
(1) ﬂat walking shoes and (2) the same ﬂat shoe modiﬁed by cuts in the
sole to promote increased ﬂexibility, (3) ﬂip-ﬂops, (4) supportive “stability”
shoes (Brooks Addiction), (5) Dansko clogs and (6) barefoot. Subjects
walked at their normal walking speed, and comparisons were performed
on runs matched for speed. Subjects were permitted to acclimate to
each new condition prior to gait testing. The PAddM (%body weight ×
height, %BW×ht) was calculated and represented the primary endpoint.
PAddMs with each shoe type were compared to those during barefoot
gait using repeated measures analyses of variance with post-hoc paired
contrasts used to compare individual shoe types, p< 0.05 was considered
signiﬁcant.
Results: 20 females and 10 males were evaluated, with mean age (±SD)
of 60±10 years. Overall, there were signiﬁcant differences in the PAddM
between the different footwear conditions (p< 0.001) (Table). The highest
PAddMs were associated with the stable, supportive footwear, the clogs
and stability shoes. Both these shoes had signiﬁcantly higher PAddMs
than barefoot as well as both walking shoes and ﬂip ﬂops (p< 0.05). The
ﬂat walking shoes (without sole cuts) was associated with signiﬁcantly
higher PAddM than barefoot walking (p = 0.042) as well a signiﬁcant 4%
increase in the PAddM compared to the similar shoes with sole cuts
(p = 0.034). There were no signiﬁcant differences in PAddM between the
ﬂat walking shoe with sole cuts, ﬂip-ﬂops, and barefoot walking.
PAddMs during different footwear conditions





Clogs Flip Flops Barefoot
PAddM (mean±SD)
%BW×ht
2.76±0.65 2.65±0.71 2.94±0.71 3.02±0.67 2.66±0.76 2.65±0.69
p-value
(compared to barefoot)
0.042 0.993 <0.001 <0.001 0.829
Conclusions: In light of previous studies which demonstrated that high
heels are associated with increased peak knee loads, these data conﬁrm
that shoe design is a critical feature of dynamic loading at the knee.
Furthermore, although several features of footwear may affect loading,
this study demonstrates that shoe ﬂexibility is an important load-reducing
feature of footwear. Large prospective studies are necessary to assign
clinical signiﬁcance to these ﬁndings, however, it appears that ﬂat, ﬂexible
footwear are biomechanically advantageous, in terms of knee loading.
These ﬁndings are particularly relevant in knee OA, where dynamic joint
loads are known to be related to pain and disease progression.
130 RELATIONSHIP OF REGIONAL ADIPOSITY TO KNEE JOINT
LOADS IN KNEE OSTEOARTHRITIS
S.P. Messier1, C. Legault2, C. Davis2, S. Khajanchi1, P. DeVita3,
R. Loeser2, J. Carr2, B. Nicklas1. 1Wake Forest University, Winston-
Salem, NC, USA, 2Wake Forest University School of Medicine,
Winston-Salem, NC, USA, 3East Carolina University, Winston-Salem,
NC, USA
Purpose: The NIH Obesity Research Task Force recently highlighted
understanding the different mechanisms of various fat depots in causing
serious health conditions as a major goal. Our purpose was to determine
the independent associations between abdominal and thigh fat depots
and knee joint loads in older adults with knee osteoarthritis.
Methods: Baseline data from a subset of participants (183 out of 450)
enrolled in the Intensive Diet and Exercise for Arthritis clinical trial were
utilized for this study. Abdominal (total, intermuscular, subcutaneous,
visceral) and thigh (total, intermuscular, intramuscular, subcutaneous)
fat depots were quantiﬁed in nearly half the subjects (N=62) using
computed tomography (CT). Knee internal knee moments, knee-joint
forces (N=183), and quadriceps, hamstring, and gastrocnemius forces
were calculated using a 3-D gait analysis with a 37-reﬂective marker
set arranged in a Cleveland Clinic full-body conﬁguration, a 6-Camera
Motion Analysis System set to sample data at 60Hz, and a torque-driven
muscuoloskeletal model (DeVita). Linear regression models were ﬁtted
for each kinetic outcome variable controlling for gender, BMI and walking
speed.
Results: After adjusting for BMI, gender, and walking speed, thigh total
fat, thigh subcutaneous fat, abdominal total fat, and abdominal subcuta-
neous fat were signiﬁcantly associated with knee compressive forces. A
decrease in fat resulted in lower knee compressive forces.
Knee compressive forces and fat regions
Fat Region b (SE) P-value
Thigh total fat 0.945 (0.466) 0.05
Thigh subcutaneous fat 0.995 (0.469) 0.04
Abdominal total fat 0.185 (0.063) 0.01
Abdominal subcutaneous fat 0.202 (0.081) 0.01
Similar results were obtained for A-P shear forces, patellofemoral com-
pressive forces, and quadriceps muscle forces. Thigh intermuscular fat,
abdominal intermuscular fat, and abdominal visceral fat were not sig-
niﬁcantly associated with any of the knee joint forces. Hamstring muscle
force was not signiﬁcantly related to any thigh or abdominal fat measures,
and gastrocnemius force was only related to abdominal subcutaneous fat.
Conclusions: It is well known that obesity is a major risk factor for knee
OA. These data suggest, for the ﬁrst time, that regional fat depots also
inﬂuence knee joint loads independent of BMI, in particular, thigh and
abdominal subcutaneous fat depots.
Bone Biology
131 PERI-ARTICULAR OSTEOPHYTES ON THE UPPER AND
LOWER EXTREMITIES OF JAPANESE SKELETONS
T. Tsurumoto, H. Shindo. Nagasaki University, Nagasaki, JAPAN
Purpose: Peri-articular osteophytes emerge with ageing and develop as
the pathological condition of osteoarthritis (OA) progresses. These osteo-
phytes enlarge the surface areas to diminish the mechanical stress on the
joint, however, these osteophytes also tend to restrict the range of motion
and cause local irritation and pain. Peri-articular osteophytes emerge by
enchondral ossiﬁcation of ﬁbrous cartilage at the synovial bone-cartilage
junction. Unfortunately, there have been few studies demonstrating the
epidemiological ﬁndings of these osteophytes in humans. In this study,
peri-articular osteophytes formed around major joint surfaces of the upper
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and lower extremities were observed and scored in order to analyze their
distributions and investigate their biological and clinical signiﬁcance.
Methods: Three hundred and seventy Japanese skeletons (male 232 and
female 138) were examined. All of the six major joints, shoulder, elbow,
wrist, hip, knee and ankle were observed macroscopically. Marginal areas
of each joint surface were divided into regions to evaluate the degree
of peri-articular osteophytes in each region. These osteophytes were
graded 0, 1, 2, 3 or 4 based on our criteria, and the scores of each
joint were calculated.
Results: With the exception of the ankle in males, all scores of the major
six joints were correlated with age; most scores showed a strong corre-
lation coefﬁcient less than 0.001. There were some gender differences;
for example, in the shoulder joint, the scores of males exceeded those of
females at all ages (Figure 1); conversely in the knee joint, the scores for
females were smaller than those of males until the ﬁfties, then increased
to become higher than those of males after sixty years old (Figure 2). To
clarify the pattern of increase in the scores of each joint, average scores
for forty- and ﬁfty-year-old groups (middle-age group) were compared
with those of the sixty- and seventy-year-old groups (elderly group). In
males, the shoulder and the wrist showed signiﬁcant differences between
these two age groups; however, in females, the three joints of the lower
extremity, hip, knee and ankle joints showed signiﬁcant differences. Then,
the average scores of the upper extremities (shoulder, elbow and wrist
joints) and those of the lower extremities (hip, knee and ankle joints) were
calculated to compare these two groups. In males, there was a signiﬁcant
increase of the scores only in the upper limbs; conversely in female, there
was a signiﬁcant increase only in the lower limbs (Figure 3).
Conclusions: In skeletons of vertebrates such as humans, synovial joints
with articular cartilage on their surfaces have developed in order to gain
greater ﬂexibility. Articular cartilage is weaker than bone, and therefore
their surface areas become enlarged to decrease the stress of mechanical
load. Osteophyte formation seems to link these biological rationalities. It is
known that these osteophytes proliferate extensively under osteoarthritic
condition; however, this study showed that the osteophyte scores began
to increase in the middle-aged population before the onset of OA con-
ditions. The development of these osteophyte formations is affected by
various factors: systematic condition and/or local environment. In addition,
this study reassessed the potent inﬂuence of the unequal distribution
of mechanical stress on joint surfaces in the facilitation of osteophyte
formation and OA pathogenesis.
132 CCL20 CHEMOKINE INDUCE DIFFERENTIAL EFFECTS
ON PROLIFERATION AND AKT SIGNALING IN HUMAN
OSTEOBLASTS FROM OSTEOARTHRITIS COMPARED TO
RHEUMATOID ARTHRITIS PATIENTS
G. Lisignoli, C. Manferdini, K. Codeluppi, A. Piacentini, F. Grassi,
L. Cattini, A. Facchini. Istituto Ortopedico Rizzoli, Bologna, ITALY
Purpose: Osteoarthritis (OA) and rheumatoid arthritis (RA) affect not only
cartilage but also the entire joint structure. In OA joint, bone changes are
characterized by the formation of new bone (osteophytes) and ﬁbrosis
while in RA a progressive bone and joint destruction leads to joint
instability. We previously demonstrated that CCL20 chemokine induced
both osteoblast proliferation and osteoclast differentiation. This study
aimed to evaluate the expression of CCR6-CCL20 receptor-chemokine
expression on osteoblasts isolated from OA and RA patients and on
bone tissue biopsies. Then we analyzed CCL20 chemokine signaling on
osteoblasts from patients of both groups.
Methods: CCR6 was analysed by ﬂow cytometry on isolated osteoblasts
while CCL20 release was evaluated by ELISA. Different functional assays
(b-N-acetylhexosaminidase release, a-actin expression and cell prolifera-
tion) were performed to assess the functional role of CCL20. Moreover,
Akt and Erk1/2 signaling pathways were also analyzed at the protein level
by Bio-plex assay. CCR6, CCL20 and Akt expression were also tested by
immunohistochemistry in bone tissue biopsies of OA and RA patients.
Results: Flow cytometric analysis of CCR6 receptor on osteoblasts and
immunohistochemical evaluation in bone tissue biopsies of OA and RA
patients evidenced a high expression of this marker. By contrast, CCL20
was not released in basal condition by osteoblasts from OA and RA
patients but only after stimulation with IL1b alone and in combination with
TNFa. Immunohistochemical analysis of CCL20 in bone tissue biopsies
demonstrated that was highly expressed only in osteoblasts, osteocytes
and inﬁltrating mononuclear cells in RA patients. By contrast, in OA
biopsies CCL20 expression was limited to a few cases that showed limited
areas of bone remodeling or the presence of inﬁltrating mononuclear cells.
Functional assays demonstrated that both b-N-acetylhexosaminidase re-
lease and a-actin expression were induced by CCL20 in osteoblasts from
OA and RA patients. Moreover, CCL20 chemokine signiﬁcantly induced
osteoblasts proliferation in RA patients but not in OA patients. CCL20 did
not induced Erk1/2 signaling pathway but we observed an increase of
Akt signaling only in osteoblasts from RA patients. Immunohistochemical
analysis of Akt expression on bone tissue biopsies conﬁrmed an increase
expression of this marker in RA biopsies.
Conclusions: This study demonstrated differential effects of CCL20
chemokine in osteoblasts from OA and RA patients and these data were
